Background: High-grade gliomas (HGG) are among the most challenging brain tumors despite many research efforts worldwide. Aim: The aim of this study was to evaluate the local challenges that may influence outcome of HGG managed in a neurosurgical center in Nigeria. Methodology: Retrospective analysis of prospectively recorded data of patients managed for intracranial HGG at Memfys Hospital for Neurosurgery, Enugu, Nigeria, between the year 2006 and 2015. Only cases with conclusive histology following surgery were analyzed. Results: Glioma was 60 (23.8%) of 252 histology confirmed brain tumors. HGG represented 53.8% of gliomas with male:female ratio of 2.2:1.0 and peaked from fifth decade of life. Glioblastoma multiforme accounted for 69% of HGG. At 1-year postsurgery, 53% of HGGs were dead and 88% of these deaths were in the World Health Organization Grade IV group. Only 40% of cases could receive adjuvant treatment with only 15% mortality at 1 year in this subgroup that received adjuvant therapy. In addition, 19% of cases had surgery at Karnofsky score (Ks) of ≥70%. However, 94% of mortality at 1 year was related to surgery at Ks of ≤60%. Only four patients had a tumor volume of ≤50 cm 3 , and among these cases, three patients were independent at 1 year. Patients with tumor volume above 50 cm 3 accounted for 94% of mortality. Conclusion: The peak age incidence for HGG seems to be lower than in Caucasians. Most cases present late with poor Ks and big tumor volume. The proportion with access to adjuvant treatment is still poor. Preoperative Karnofsky, extent of resection, duration of hospital, and Intensive Care Unit stay have impact on outcome.
Introduction
G liomas are the most common brain tumors in most parts of the world. In Nigeria, it is next to meningioma in frequency of occurrence and represents between 20% and 25% of brain tumors. [1] [2] [3] High-grade glioma (HGG) remains the most challenging brain tumors in spite of extensive research efforts and funds channeled into understanding the natural history and management of the disease. Treatment decisions remain controversial, and protocols vary with available resources. [4] [5] [6] Although extent of surgical resection and appropriate and adequate adjuvant chemo-and radiotherapy have been argued to offer the best chance of good management outcome, [7] [8] [9] [10] success of treatment is also impacted by factors such as delay in presentation, Department 
Methodology
This study is a retrospective analysis of prospectively recorded data of patients managed for intracranial HGGs at Memfys Hospital for Neurosurgery (MHN), Enugu, Nigeria. MHN is a private postgraduate training neurosurgery center serving the southern part of Nigeria. The study period was from years 2006 to 2015. Following clinical review, the diagnosis and anatomical location of the lesion were confirmed in all patients with both noncontrast and postcontrast-enhanced brain magnetic resonance imaging (MRI) scan. Brain computed tomography (CT) scan was accepted for diagnosis in patients managed earlier in the study period (2005) (2006) (2007) (2008) (2009) ) when the hospital did not have MRI machine. All the cases analyzed in this study had surgery. Demography, imaging finding, clinical history, surgery details, anatomy location, tumor size, the histology grade, and clinical outcome were analyzed. Tumor size estimation was measured as one-half of the value of the widest dimension in anterior-posterior, transverse, and height of the lesion in millimeters from MRI or CT scan. However, we excluded patients operated upon with histological diagnosis of low-grade glioma, other brain tumors and cases without a conclusive histology report from this study. The World Health Organization (WHO) classification was used for the tumor grading. [11] Following neurosurgical intervention, all the patients were managed in the Intensive Care Unit (ICU) in the immediate postoperative period and later transferred to the ward for optimization. At discharge, the patients were transferred to secondary facilities for rehabilitation. Anticonvulsants and steroids were administered to all patients before surgery. Anticonvulsants were continued for minimum of 6 months before being tailed off while the steroids were generally continued until completion of radiotherapy and tailed off. Occasionally, steroids were continued for longer periods if patients still had persisting vasogenic edema following surgery or radiotherapy. All patients with HGG were referred to oncologist for adjuvant therapy using radiotherapy and temozolomide.
All patients had postoperative neuroimaging investigation before discharge from the hospital. The clinical follow-up protocol was at 4-6 weeks, 3 months, 6 months, and 1 year and subsequently yearly. Neuroimaging follow-up investigations were obtained when clinically indicated. Functional status was assessed using the Karnofsky performance score (Ks) both preoperatively and at follow-up visits. Patients' outcome at 1 year was analyzed against preoperative Ks, tumor grade, tumor size, extent of tumor resection, and access to adjuvant radiotherapy and chemotherapy. Data were analyzed using descriptive and inferential statistics with Chi-square test and the Pearson's contingency coefficient. P ≤ 0.05 was considered statistically significant. Ethical committee approval was obtained for the study.
Results
Glioma was 60 (23.8%) of 252 histology confirmed brain tumors. HGGs represented 32 (53.8% of gliomas) with male:female ratio of 2.2:1.0. Among the HGGs, 40.6% were diagnosed among patients between 31 and 50 years old while 46.8% of cases were 51-70 years old. Glioblastoma multiforme (GBM) accounted for 69% of the HGGs.
Outcome
At 1-year postsurgery, 53% of the HGGs were dead and 88% of these deaths were in WHO Grade IV group (contingency coefficient 0.413, P = 0.0001) [ Table 1 ].
Size
Only four patients had a tumor volume ≤50 cm 3 , and among these cases, three were independent at 1 year. Tumor size above 101-500 cm 3 had the most significant impact on outcome with 58.8% of the patients in this group dead within 1 year (P = 0.009). Patients with tumor volume above 50 cm 3 accounted for 94% of the mortality. There was a positive correlation between tumor volume and outcome (contingency coefficient 0.549) [ Table 2 ].
Preoperative Karnofsky
Most of the cases (46.8%) presented with preoperative Ks of 60%, 28% with Ks of 50%, and only 18.9% of these cases presented with preoperative Ks of 70% and above. There was a significant difference in outcome between the cases operated on at a Ks of 60% and below compared with those operated on at Ks of 70% and above ( χ 2 = 14.496, contingency coefficient = 0.558, cases are also likely to have suboptimal resections, prolonged hospital stay, prolonged ICU stay, and higher cost of management and rehabilitation. [18] As a result of nonavailability of effective national health insurance service (NHIS), this high cost of care is an important consideration in management decision.
In the face of poorer clinical outcomes, the surgeon has to pass through the added challenge of decision to carrying out suboptimal surgery without a guarantee of potential benefit, or leaving the patient with a Ks ≤60% to deteriorate further without surgical intervention. Surgical intervention in this group of patients with relatively poor Ks may still help with management of intracranial pressure, allow opportunity for histology diagnosis, and improve the patient's clinical state and the tumor volume to a level where the patient would be fit for adjuvant radiotherapy and chemotherapy. [10, 19, 20] These factors have to be discussed carefully with the patient and the relatives. Depending on the anatomical location of the tumor, volume of tumor and tumor relationship to eloquent areas of the brain, gross total resection, should be encouraged as this has been shown to improve patient outcome and effectiveness of adjuvant radiochemotherapy. [10, 17, 20] This however is not always possible, especially in resource-poor areas where the supportive technology for safe macroscopic excision is not available. Even where such facilities are available, controversy still exists as to the benefits and outcomes following such extensive resections in the poor prognosis varieties of the HGG.
Another challenge of the management of the HGGs identified in this study environment is that a significant proportion of the patients were diagnosed and managed at a relatively young age compared to the Caucasians and most of these cases were diagnosed as Grade IV gliomas. This study observed that as high as 40% of the patients in this study presented for management between 30 and 50 years of age. This young age at diagnosis may P = 0.002) [ Table 3 ]. Based on subgroup analysis, the Ks of 60% and below had more direct impact on mortality with 61.5% of patients operated on at this Ks dying within 1 year (P = 0.0001). This group operated on with Ks ≤60% also represented 94% of mortality at 1 year of all cases operated on (P = 0.002) [ Table 3 ].
Surgery and adjuvant therapy
Gross total resection was achieved in 72% of cases while 15.6% had a subtotal resection and 12.5% had only biopsy, but these did not seem to affect outcome (P = 0.221). Only 40% of cases could receive adjuvant treatment with as low as 15% mortality at 1 year in this subgroup that received adjuvant therapy when compared with 85% of mortality in the group without access to adjuvant treatment (P = 0.005) [ Table 4 ].
Discussion
This study revealed peculiar social and clinical challenges in the management of HGG in the study environment. Late presentation is almost the rule. [1, 12] The late presentation may be indirectly attributed to delay in diagnosis, a relatively poor patient referral system and an uneven spread of imaging and manpower services. Currently, there are about 70 neurosurgeons serving the over 170 million population of Nigeria. [13, 14] As a result of a small number of neurosurgeons, most of the neurosurgeons reside and work in the urban areas while leaving the rural areas with a poor coverage.
Unfortunately, most primary health care and general practice personnel do not have adequate exposure to most neurosurgery specialty diseases since priority is often given to malaria and other communicable illnesses in training. This coupled with poor access to neuroimaging services outside the urban areas encourages delay in the diagnosis and timely referral of cases for expert care. Although not directly investigated in this study, there are also concerns of social and religious beliefs that may significantly influence patient's attitude toward surgery. [1, 12] The effect of these is that patients are managed at a relatively poor Ks.
More than 80% of the cases were operated at a Ks of 60% and below as a result of delayed presentation. Late surgeries carried out at a low preoperative Ks have been shown to be associated with worse clinical outcomes, including higher morbidity and mortality. [15] [16] [17] Such suggest a more aggressive disease pattern and needs to be further investigated in the study environment. Secondary GBM is known to be more common among the younger age group and runs a relatively benign course compared to primary GBM. [21] The clinical outcome in the subgroup of relatively younger patients did not bear out this benign course. Since, in general, secondary GBMs are less frequent than the primary GBM, [22] the more aggressive course in the patients managed in the institution of study raises the possibility that more patients managed in the study environment may have de novo GBM despite the relatively young age at diagnosis. This possibility should be explored in future studies.
The extent of resection affects outcome of HGGs. Median survival has been shown to be improved by gross total resection. [20, [23] [24] [25] A significant proportion of the cases in this study however presented with big tumor volume and some of these lesions were deep seated in location. As with other studies, these patients operated on with a big tumor volume have more advanced disease, more risk of incomplete excision with a significant residual tumor, higher risk of poorer functional outcome and mortality. [26] These cases will also require longer operation time and intensive care. In addition, when these patients present with alteration of level of consciousness, significant neurological deficits, personality changes, clinical signs of raised intracranial pressure, or signs suggestive of rapid disease progression, the prognosis is likely to be poor despite the extent of resection. [27] All HGGs need radiotherapy for local control and may require chemotherapy in some patients depending on the DNA methylation status. [28, 29] Radiotherapy has been demonstrated from other studies to improve long-term survival in patients with HGG, especially among the younger age group. [30] Unfortunately, the access to these adjuvant treatments is still poor in the study environment where also a significant proportion of the patients managed with HGG are in the relatively young age group. This situation may contribute further to worse outcome of these young patients. In the study environment currently, there are only three functional external beam radiotherapy centers serving the radiotherapy needs across the country, resulting in long waiting list. Although this study found a true benefit of adjuvant therapy at 1 year as other studies, [8, 9] the proportion of patients with access to radiotherapy in the study environment was only 40% and some cases could not complete the radiotherapy as a result of breakdown of services.
Attempts have been made to set up the NHIS across the country, but this has remained less than ideal.
High-earned specialties such as neurosurgery are also poorly represented in the NHIS. This has added the challenge of out-of-pocket payment for these medical services. This also makes the access to experimental and other evolving therapeutic modalities such as intracavitary Gliadel, immunotherapy, biologic response modifiers, oncolytic viruses, and gene therapy still luxury in the study environment.
These social and clinical factors highlighted in this study have contributed indirectly to prolonged ICU stay, high financial burden for treatment, and more morbidity and mortality. Addressing these challenges including improvement in the national health insurance scheme for the masses will go a long way on the long run.
Conclusion
HGGs are quite common in Nigeria, and the rate of diagnosis is increasing. The peak age at diagnosis of the HGGs seem to be lower than in the Caucasians with higher proportions of these lesions being GBM. Most cases present late with a poor Ks and big tumor volume. The proportion of patients with access to adjuvant treatment is still poor. Addressing these local challenges including adequate coverage of the NHIS may improve the disease outcome.
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